Mobility analysis of super-resolved proteins on optically stretched DNA: comparing imaging techniques and parameters.
Fluorescence microscopy in conjunction with optical tweezers is well suited to the study of protein mobility on DNA. Here, we evaluate the benefits and drawbacks of super-resolution and conventional imaging techniques for the analysis of one-dimensional (1D) protein diffusion as commonly observed for DNA-binding proteins. In particular, we demonstrate the visualization of DNA-bound proteins using wide-field, confocal, and stimulated emission depletion (STED) microscopy. We review the suitability of these techniques to conditions of high protein density, and quantify their performance in terms of spatial and temporal resolution. Tracking proteins on DNA forces one to make a choice between localization precision on the one hand, and the number and rate of localizations on the other, by altering imaging modality, excitation intensity, and acquisition rate. Using simulated diffusion data, we quantify the effect of these imaging conditions on the accuracy of 1D diffusion analysis. In addition, we consider the case of diffusion confined between local roadblocks, a case particularly relevant for proteins bound to DNA. Together these results provide guidelines that can assist in judiciously optimizing the experimental conditions required for the analysis of protein mobility on DNA and other 1D systems.